Voo

=Y.

4
b
<

——

= Sarvices fech

8 j; ¢ our lisqited supply, you are requectec *
(TUok s that it may be mads nvailable o other requesters.
.’ R r-? &‘ﬂf,.\-i.‘ -

~ .

, 1eturn this copy WHEN IT HAS SERVED
Your cooperation

39

it Information Hgency

.“w.

LI

WHEN GOVIERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA

Y
==ED FOR ANY PURPOSE
—NMENT PROCUREMENT

SPONSIBILITY, NOR ANY
—MENT MAY HAVE FORMULATED, FURNISHED,
37 A WINGS, SPECIFICATIONS, OR OTHER DATA IS

OPERATION, THE U. S. GOVERNMENT THEREBY INCURS
OBLIGATION WHATSOEVER; AND THE FACT THAT THE
'OR IN ANY WAY SUPPLIED THE
NOT 70 BE REGARDED BY

TN OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER
TO MANUFACTURE,

WAY BE RELATED THERETO.

——i: OR L"ORPORATION, OR CCNVEYING ANY RIGHTS OR.PERMISSION

% 35LL ANY PATENTIED INVENTION THAT MAY IN ANY

OTHER THAN IN CONNECTIOMN WITH A DEFINITELY RELATED |

ey

Reptoduced. by
DOCUMENT SERVICE CENTER
KNGTT BUILDING, DAYTON, Z; OHIO

'

s
/
i ¢

(e
.

2
%)




Coociages SRR

S T Mt Aagrn s I

. - .m
£ e e A e S

Fapward for Wiarsfilming

s
-
L

ASTIAhii: copy
A0
N AIR WEATHER SERVICE

TECHNICAL REPORT 105-124

1951
ANNUAL REPORT OF TYPHOON
POST-ANALYSIS PROGRAM

AUGUST 1954

HEADQUARTERS
AIR WEATHER SERVICE
WASHINGTON 25, D.C.

o

[




Best
Available

Copy



i T e T x T ..‘ﬁdmij::ﬂ R
i T T T e T S e s s o !it!ﬁ&;i-.iiﬁw\iff.\. . .z. —
5
T
A
w A
; 23
=7
¢
m 1)
f N~
i 4=
25
=h
wm
: Rm
» 28 :
m +
=3} = . | |
) s 3 83 ° fowd
w 23] 0 S . !
* T . 5 =
} mYI“ R - m E - m.,.,.b a
> N 8 | 0N g
| S - g m o )
| 2 g g i 5 2 B !
“ o OB W < = |
“ A S € ford [} &= y
| . S- < O
! 5 < g W 2 g .
w B = = |
' mw = B
. 3 5 5 g
M o
b
‘» N
m i
‘ }
B
. o
.\.4— b ﬂ
- S ¥ i
H
; s - o - i
~N ,I.Lw R atiad - e v oar g P B i e
T mmTIm oI &i,;s..,i e
E O



!
AWS TECHNICAL REPORT ATR WEATHER SERV1CE
NO. 105-12l MILITARY AIR TRANSPORT SERVICE by
UNITT) STATES ATR FORCE f
Washington 25, D. C.

August 195k :

T A e,

FOREWORD

- e

1. Purpose: Air Weather Service Technical Feport 105-12L is published
for the information and guldance of all concerned.

4 2. Origin arnd Secope: This Report was prepared by the Air Weather
! 7 é? Service detachment at Guam in response to a directive of Headquarters, Air
- Weather Service. Tt was reproduced by Headquarters, lst Weather Wing,
- Tokyo, for use of its activities. The present report extracts only the
2 technical part of the original report from Guam, for use of farecasters .
: -and research meteorologists. ;

. 3., Additional Copies: These should be requested from Armed Services ‘
e Technical Information Agency or Headquarters Air Weather Service. i

P BY ORDER OF THE COMMANDER:

OFFICIAL: NICHOIAS H. CHAVASSE
Colonel, USAF
Chief of Staff

ﬁz/u/q/ &/, @ww
10UTS W. BERGER /
Lt. Col., USAF

Adjutant
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INTEODUOTION

The purpose of this report is to provide information concerning the
activities of ths Typhoon Warning Neétwork during i951. It is designed ;
to evalunte forecasting techniques, operational metivities of the Warne ‘
ing Service, and reconnaissance, The summaries ef information are :
providsd to substantiate some of the wriften material in the repart snd *
+0 provide a compact refersace fer studying the 1951 seagons " :

The s‘oudy of forecasting tochniq,ues is not treated wi?.h the same )
detell as in the 1949 and 1850 snnuml Reports dus Yo shortags of persci~ \
nel and the belief that most of the "laws" and methods were conclusively :

. treated in the two previous Annual Reportse The 1950 report was compiled o

@ _ by six, forecasteyrs from the Center, two observer-draftswen, and one fore~ '

‘ caster from the 54th Reconnaissance Squadron, while this report was
compiled by two forecasters from the Cextér, one obsarver-draftsman, and (
ong forecaster from the 54th. The discussion of forecasting techniques
is Jimited primarily to extrapolation, climatology, and synoptic analysis ‘
because they are the primary ﬂtoo}.sﬁ of all the units of tho Networl, ]

An attempt has been ma.de to prevent duplication, in this report, of !
material presented in the 1949 and 1950 reports, -All three "annuals® D ;
ehould be tised as & single unit for reference or training pu.rposee. -

E ' Ackncm.ed.gement is made $o 81l units of the Typhoon Wammg Sarv:’u;e . ;
' . . for their outetanding contributions to a successful season and for prov:ld.~ ~ ‘
ing the information for this report.
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PART I _ TECHNIOAL
Ae " ORMADION AND EEHAVIOR

Tropical, Meteorelom, especielly that pert perta:!,ning 10 tropical
cyclane formation and behavior, has not as yet reached suc™ ap advanced
stage that hard and fagt rulss can be established. There have been oy
theories proposed U2 explain and predict these Phenomensy which are meny
bimes difficuly even to describp, To pub many of. these theories intoe
practife is indeed dLfficult vecause of the lack of data, For this aame

" reason, csubtion shouid be gxercised when applying the wmrious riles, for
© megt are ‘based on &n interpretation of these sparse data. Perleps if the
data were more abundant thess theories would be less plentiful., Before

becoming too invelved in tropical forecasting, one should become thoreughly

familiar with the excellent work of Dr. 0. E. Palmer, His notes on Tropical |
Meteorology were included ia the June 1949, 21434 Adr Weather Wing ﬁfe»mmical ,

Bu.lletinq All fovecasters san profit by z-eading ‘bhase notegy -
While the aresa in whieh tropical cyclones with surtuce winds of 45

~ knots ‘or gvester have besen initially detected 1s Buite largs, as ocsh be

seen by inspection of the chary, pege 2, aimost all of the tropical. storms -
or typhoons which have developed during the pash few seasons could be -
traced back to disturbances which wevs first detected near Kwajalein,
initlally, these disturbances were either emsterly wmves or vorticss, and
many times they were of such light infensity that it was not deemed neces-:

‘saxy 1o initiate easterly wave bulletins, It appeared during pestanalysis

vhat meny of these disturbances developed near Kwajalein. Actually, they
may have developed some distance east of that atoll, but data throughout
that area are so scarce that 1t is diffienlt to specify any small areo. to

the east as & .soures 'eegion. ‘ /

During 1951.,\ thé Easterly Wewe Program wes ef great help in Fellowing
these disturbances adé thoy progressed westward. This Program can become
even more valua.hle thraugh the full and diligant socperation of all peytici~
pating unita. . ;

The importa.nce of fellowing these diaturbancee in thé easterlies as
thay move along the route between Xwajlalein and Guam cannot bo ovsrempha~
sized, " It is often quite difficult to track eastérly waves because of
the few reporting statioms along this route, Throughout most of the 1951
season, upper alyr reporits from Truk and Ponmpe ceme in ne more often than
twice tach day. This is not considered 4o be aduguate to meet the needs
of the Typhoon. Werning Servicé. Many times a vortex can pass by eme of -
these stmtions, and, because of the i2-hour interval between upper air
reports, no eyidence will be given of lte passage.

Several indicas fox detactinn of easterily waves have beep useé!. with
relu.tively good suecass, Same of these are as fallowu

1. Twenty»!gur hour prassum changes of ~1 t0 -3 millibarms,

8, Voriation in wind directicn From normal eanterly flow, Wind
usually shifts from northeastd unrough east £0 southeast in the J.ayer
below 700 miliibars,

1
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3 mstex’ly wincla above normal in & small ares.

, 4. Unuaual &mountq of heav;fy' prec:.pita.ﬁion persisting for several
hours p% = given gtation.

B, .'PrOI.on.g&d. periods of low ceilings at a -givqn sﬁé.tion'ascomi:ahied

by thick nigdle and'high 61 oudiness,

. These indices ars 5:ncluded. in the 2;436. Afx Weather wing Tetter 55134, and
have been used thxw,ghm'o the bria:f, hisr,ory of the Fistaerly Wa,ve J?rogmm in
the ?acific, - L L o

Iet. us emmina thess indices in the light of two years of opemtion s!
the Easterly Wave Progiam, Do 24-hour proesurs falls of ome .te three milli-
bars indicate’ the -spprogch or passage of an easteriy wavel Or, is' the
prespme of one andipaterl by preicanged, heavy prec gww an e." & stabtion,

Becange. of the sma‘ll spa;se or time variations . of psregaure., sxaept for
diufel chenges, direct anelysis of the pressure £4214 in the trepics 45 of
1i8le: or 5o walve, It is only in $he vicinity of well~develeped trepical
cyclonen that the presture gradient. assumes any sizriflcance, However, by

- ansiysip of changes in pressure, using 24-hour changes to winimize diwrnal
- It has

variations,. detection of slight disturbances is s cme*n.@gs DPassible
" been noticed many times during the e.zcistam:e of the Zasterly Wave Program
that prassure ;tallg of one to three millibars do not accompeny sasterly
wave Dpassagess At other times ‘Falls nre noted when the exisbense of & wave
cannot be establisheils On the pher hend, wall~defined pasaeges have been
noticed with accompenying pressure rises, - These passsges were indicated
by -sherp wind shifts, hag.v;r, pontinuous rain, and thick altostratus over-
casta, This eriterion of 24-~hour yressure falls is by iiself neither
ad.eqmte ncr relieble as & means Of detet:hng eaeterly wa.wa.. .

. Proloazed period.s of Loy catlings amompam.eu by both :niddle and high
cloudiness hive besn observed which cannot be explained admquately by
eastorly waves or vortices. There havé also been pericds Of above normsl
rainfall whioh c:annat be exnlainea. a.dequa.taly by theSe, S

Moat relia.‘nle as o ﬁaans ef d.atecticﬁ is analy#is of bhe :ﬁ'ield. ef
wmition, Uaforpunately, not snough date are availsble for complete analysis
of this fisld, Anmlysis can be performed on the individual time prosse
-- gagtions, and good results obtainsd. This analysis can further be aug
-mented by mnalysis of reports from weamthor reconnalsssnce, Many times 1t
ig diffieuit to detect ths presence of an .easterly weve by this means
‘becampe wind zhifis ave “oftiex glight;’ ‘being no more than 10 teo 20 degrees,
- Incresges in-wind speed are sometimes notad ‘which ara not anscciatad. with

euter‘l.y vaveu ox vorticau. S

. Results of ma.rly two yzau' opara’oion indicate that none of these
criteria, when ussd alops, is aequete te-détect”the presence of either
an_easterly wave or a wrtex. Few pugsnges have been observed In which
< all or hhecse. indices’ fnira noteds Often no more thar one or two are
present,  ‘Sometimes arphagege will b indicated by m good wind shift and
above normel. precipitaticn with nope of $he o thers, Future research nay
prodw'e a.n easier and’ more relia’ble méans of detecbing these disturbances,
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but it is unlikely that there will be any time in the nesr futurs when

the tropical forecgsber must not be, c@nsgantly on the alert end use
evory acrap of datba,’ :

Avecage speed o::; movetent £or thesg waves h{xs ’oaa,‘ stated, man.v
wima- as being 10 knots. This is a good approximation and mekes
compubation quite, 288y However, this, average speed has bsen, perhaps,

- bverworked in the Yash, resulting in’ & loss of; confidense in the Program

itpelf, It musb. be remembered that this. speed is an average, and should

‘Do treated as suchs -Specd of movement durimg the 1951 seascn has varied

from 6 knabs to sbove 16 ‘knotn. . In the absense of othar. datw, 1t is &

. good policy o exirapélate the Vave west at the lwet kmowa averege sposds
When 1o average speed can be. gstablished, it is then & good ides o ex-
‘ tmpolate the wave west &b 10 knots until. such:time as an.aversge speed

can be determined from pessage at the naxt island stetion along the chhin.

- The use of ‘& 10 knot a,‘v'eragfe ﬂpegd shoul& be. uaed moﬁ'u am’:iag han }:as

been. +the pm'aetices.,,

Fove s . ',J

Most of the waves are iliuﬁefineda. &hére is not, afr the p&eam‘b time, )
- any ey of dete¥mining in sdvance tie westher pabtern to be expesteds -

‘Instances: of wehther accurring at, times. of pagsage have beecn .us pmvulezm
aa ins‘rranaaa of weather occurring ei.-bher ‘befo:re or aftor passagm

. Aﬂar ea.sterl,,r waves ana. vortices pe,}as Gua.m, they becqme 1zxorusing~

‘1y. 83fficuly, to track, - Yep end Eojor, the. oaly téw regular veporting :

amhiona hetwaen Guan and the. Ph:!‘.lippines. ete both ‘below 10 degrees 1 .
norti letitude, These stationd, ms id the case.of Trulk szd Poanve,. hed v
0o mo:ce then two upper pir soundings per day throughout mosy . of ¥he 1951 .
season; - During 1950, %everal of " the disturques regurved, -afber passing
Guam, and -ingenkified. ' There were no stations’ nﬁrthm;st of . Cugm 49 -

1ndicate ‘thisy andy asa rbsult, the Network was slmost complebaly . . &

dependent: ‘upon wepther TECORNEiSBANCE. ‘Alggy when e IT0 is north of o

_these stations, tLéir ‘regorts srée of 1ittle value-in detesting the

rresence of disturbances, During the 1551 season, Yap.and Koror. were of
moye value in tra.cki:ng B&B‘berly mveb than auring :LQBQ. The main zemson
fm' 'ahia mg ﬁhat '&he swr’bancea mmre& ag.g.ang far‘bher aowbh duz-ir.g l.Qala

As ea,aﬁerly wav’ea approach Guam, theyr must be wp,tched ror signs of
intensificption, geveral rules have hesp vroposed for predicting .iatensi-

- Pication £rem vortm: ‘to tropieal’ gtoYm 01 typhoon, and ‘several of theus .

‘fere Ynclifedin ¥hs 1949 and 1950, fanuel Reports. An eveluabion of:these
rales is quite ALFFYCWLV betduge of.the lack of dmta, Most of the tdme-. »
the causes of inténdification are obseuye. -In using thess yules cautlon .

should “be exeroise&. AW mhe prasent time, the best p@licy ig to keep .Gs.ch'

disturbande vnder ‘congtant sirveillsnce and wakch for signg of :lmreaaed
w:lnd 8peed Qr a;preadiﬁé, areaa of dateriorating wea.t'her. o -

 Onee the presente of & wallwdavel oped trc:picax. c;yc.r.one ha.u been
entabliahed, the problem of forecasting future movement and intenpity
acisés;  The forecustimz of.invensity is not as’ &iff;lpu‘lﬂb -8B ,formting
futurd mavement, Nurmally, bropical cyclonmes that.abtain typhoon

tensity 4o not ‘dedrease fo & “nonharardous si;age until they nove over large~-
land mg 268 OF %acﬁm extratmpqm . In the. fqchasting of -movsment :many .
problems arise, " Expe:iencs d.ur.‘mg the previous..seasons shows: that- froughs -
anﬁ ridgea in the wésterlies mﬂuence the beh.aviorx of tropical cyclonss, -

4
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aewra‘!. typen of, ulimatological et.:ciﬁ,es heve been prepursd. (me
‘ - typei showlng bracke an’ nverege speeds, was included in the 1949 Anbual
. Report. These trecks b ve been useful during the past two $ORS0LB.
During 198k, a moxe det. ilcd sivdy was prepared and disbtriduted to the -
“yarions network units. Several .of these are included im ¢his pepert,

yages 6 through 9. mho e inc.ludad Bre all that are availa‘nle at ths,
pmsem‘o Hmeq - .

As t:copical cycloms mcwe wesd through the' J.owerlﬁ‘bitu&n. soms -
appeax to oseillate siightly vather than ta folldéw a smooth regwlayr. path,
Several. times durimg the 1951 season this was hobiced,’ For the most part
these. ostillations appesred when aa a”a’aampt wae medes to comnent all of
the reconnnissance fixes by ome lins, - Adnittedly, there are seme errors
in recpomnaissance fixew. During the 1951 semson the Recenmnissdunce '
Squad%ns ned meny wml»axperimce& pez*sonml. Some of ths weather
oliservers and navigatord wexe ia their third typheon seasom. Soveral hed

AN, MR R A
[ NPT O L

T v o
-

G | i

, g . p.nevidad are quite naeﬁrata,

, . On poges 1(1 threugh 34 are the trackn of seme 91’ tha :951 'brapiea.; '

A b . eyclehss that appeared tp oscillate. As cen be geen by examination ¢f

E T these tracks, tws pesaibie types are indicated. There is quite s
similevity between the track of Marie and the type of oscillatery metion

. - describded by Dr. Yeh, The track slong which Mazgs moved wea simllar te 2

" trecheids Peried of escillation varied frem.78 te 126 héurs, which was
mich greater than, thet of Nora, Leulse, Ruth, and Orm. Tke paths $f these
rexenbled the swail sindsoidml, waves described by Qaptain Horn. Genpraily,
tHe period far these vabled from 24 te 42 houre, Periods for all vers
', tomputed te the neares’e 8ix hours, '

implﬂu&g is mthtr hard to devemme, for sever al tracka ¢an be
. d¥awn wbich patisfy all Tixes, For these tropisal cyclones, after the -
~ best:track im the epision of She Posb dnalysis Board has beex drawn,
amplifude waried frem 50 to 30 miles. The deviation was usually graaw:r
© to the right of tha smwthed pa’ch thau te the .’mft. SR ‘

s of oscil]a‘biom are notz aé yot kaown. N’ov all ﬁrapiaal
- cycloges behaye in thia BANNET¢ Usuuly aseillations uppeer vefore
rectiryature of glow mov&ng tropieal sycioness. Ib i3 poesivle that some
. of thess oscillations are caused by passages of weak kroughs in the
wostsriies north of the tropicel cyclonsy Nons ¢f these troughs are
strong enough to cause recurvaturs but appsar to be of « ufﬁcient
strongth to - cauaa & slight northward deflac:tion. ' '

' The mtow valun in knowing that some tropical cyclones do follow
gscillatory paths is in evaluation of recomnsissence fixss. This some-
times keeps the forecuster from becoming too hasty in a. forecast for
racurynture if & siight nor uh movement ix indioated by oue oz ths rouon-
auiuwnce fixaso :

One "of ‘the problemn which is of e'rqatem concern in fdreaasting
troploal cyclone movement im that of recwrraturs. . It is always & problem
‘ ns to' whether or not e typhodn will rpuch @ position dupring the forecest
risd when recurvature is possiltile. Imclvdea. on peges 17 i;h:wgh 22,

mpré tham 20 typhoon perstrations. I¥ is felt 'a‘:M the fixes and da% . L
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are smreml charts which m'ay be'. Of aome belp in dz:termin:lng whether or
not a tropicel cyclone vill Tecurve, The most -common recurvaiurs )

, wsitua’cian aréses When p orbrobtropleal brough spproashes from the wesb.
- 1% is usuelly quite difiionld to determins. whethay the trough will

extond far enough south or be of sufficient inbensity to gaume recurve-
bike. Normll:y, it the Hrough is moving faster than 15 knots, TeCUNVA~
ture will not eecur, There me,y be a deflection 4o the north when these
txcu@ms peus Yy, however, If ,the high cg:i,u centered te the hdriheansh

of & tropiaaa.;cyclone builds; or sierts noving enstward witor & perisd -
of atagnation, the bropioal cyclone. quite often recuryes. “Kls0, when an .
extratropical trough spprésshes from the west a‘né- the high gell morthesst

-~

" of the tropical cyelkome begins %0 ‘move eastmrd., tmpical cyclanes

usual‘ g recuzvm

T6 has. baer. tated. in uhe m,a* i:ha.’s tropical cyczanea é.ece}.erata
’before recum:lng. Dm:mg %he 1951 saason the following wag ézo‘be&. B

Decelerated ot Aaaelémted.
T v ' A:t'ter Hts"u.rmture
. dris L ) Ne : . Yes
Merge . Yes S Yeog -
Serah . .. - . Yes ' - Yea -
Thelm =~ ' .. . Fe (20 lmo‘ba) Yes. .
Babs - e Yes Yes o

Ruth : - T Yes L x"es

6 Camest .
4 did declerate . : ~
3 -d1d xmt )

Three tropieal cyuionos, HOPQ{. Zate, end Joen recurved before intensifye
ing. Positione beforg intensification are mut accurate enough to deter-

", mine the average speeds for these partifuler tropical cyciones. It was

also observed, durlng the 1951 sesson, that Iris, Marge, Rutb, Venda, and
Ary had marlced decelerations and no regurvajures The criterion’ et‘
decelération by itsel? is Hot reliable as » mesns of determining recurva-
turey All tropicsl cyciones during ‘bhe 1961 season wce:l.erated. rapidly
after reou:cﬂng. ‘

Nost of ‘bha orrors incurred iri the forecasting of recurva"ture are
from foreoesting this to Lappen too soom or from forecasting too rapid a

© recurvature, Perhape the bost method after the decisiosn has been maile is

to forecast slow recurvature with the storm moving fzret nolrthwest, then
north, then slowly turning northeast,

" Another prohlem closely allied to that of ract.rvawre 13 loeping.
During !9‘5,.., four storms looped anticyclonically. These were Joen, Iris,
Hopa, snd Amy. Pootenalysis tracks for these typhoons are ircluded on
peges 23 through 26, Joan was anlready recurving when detected and was
woving northeast. The btyphoon hecame stationary, then sterted moving
southweat, Iris hed recurved west of the Philippines end moved some 1500
miles yorthemst before looping, Hope was in tho procesy of recurving from
south of Gua.m and had reached & position almost dus west ¢f Guam when

16
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- looplng occurred, Amr erossed the. Philippines emd began reeurving =low1y
roythward then became stcﬁ'n onarJ and looped.

The synoptic sibu sioa is very s;m:.lar %o recurvatuxm lformally,
there is 2 high center northeast of the typhoon with a trough eppronching
trom.the northwest, , The tropical Cyclone, moves arou.ncl the periphery of -
bhis high centeyed -to the northsesi .and Veslde 44 rac.urm} then M Peachss

1+ g position eush that the high bloczx&;s further mqvgment %0 tha morth on
northeast. © Ih then - beq-.omea nearly sta,tiomry and. the trough continues
- moving wafwaré., nc monger iqfluemlng ‘the’ trb;pioal oya,lone' B mmremenm
" The txop:. cyc&om once agsin ntartg ;noving wobtmd‘ " '_ , )

T + There *s ro@m for a,rgument 28, 'im whether the typh@sn a.ctuauy ccmpletea
an anticyelons . looh or remsius stat ;tonary an.tllating béok wud forth befors
- Hoving westward. o :B‘or ‘the mrpnse o;g paste.nalysu par;farme'l by the Typhoon
v Beard during the past sensom, looplhg wne c.unsiuerﬂa to mean bath nr thesa
and.the tracks é.v-awn shcwed s.ueht anticvclona Jadpss ' :

One conclnaion has baen dmm after postanalysis 6t th'aaa f@ur tropicalem
eyéloness  This is:. after completing a loop,. dissipation. occurs. within 48 ¥
hours, - This is ons of the few times $hat tropical stérms or typhions .

. dissipate while still ever tropical ocen diease "As For the movement after
‘looping,: two moved west-southweat, and. the other two moved ncr’ohw;at.
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SLOVW MOVING
(BELOWV 15 KNGTS)
EXTENDED
TRCUSH

UPPER AIR STEERING
CASE I
NORMAL RECURVATURE
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10 KNOTS —

/ STATIONARY OR
WESTWARD MOVING

UPPER AIR STEERING
CASE IX
NON-RECURVATURE
TROPICAL CYCLONES USUALLY DEFLECTED NORTHWARD

FOR SHORT PERIOD THEN RESUMES WESTWARD
MOVEMENT

19

I e p———— e g e . -
\



s e A mami A i e B SR NN

% AT TR v g

B

-

STATIONARY CR
EASTWARD
MOVING

UPPER AIR STEERING
CASE T
INVERSE RECURVATURE
OR LOOPING

20



e R Ry =

e AT

Ay
st e

R e s

SRR g

T e ST

e et e oy et r £ TITR
[l

UPPER AIR STEERING
CASE 1T

FAST MOVING TROUGH
(LOOP)

2l



i A il b Ty e s e e e

z&;d{'fm'm'ﬁ*gs R R Cmehes s

R bt % it s achic s \finalon, O

R

o'al

UPPER AIR STEERING
CASE XI.
STORM FOLLOWING ANOTHER STORM OR
LOW PRESSURE CELL

2



|
] R AP 5 - w;g
%i
R 325
4
]

e
[N
PR ullvl.\

W !E
-rem




b L A e~

c@omﬁ .. \.. ‘

L

T

+

500

—2e22001| 113 4Y

01:90
oh Bl

ook

et

1L 3neione
§is .,dﬁ_n_ﬁ Si

)

3

-\’l

<

374

-8,
v, toe

ATYNY

J

. "NOo3Y VE /-
LE5 N8B W9 inEre,




T ———

i - —

. e [ . R . L. . * ———

T e

.

-
it

, .
P .
N . * 4
o oot ' /

r o ) :

. . < i
.t B
- . v + i -

* ; . : ! W

\
<t \ i
! ‘
4/ ‘ \ ” w L . .
. , b ' JREPR SRR I !
Orpp 808 %

0.2 ‘
Ceoy 8 o

o i) NOOZY' Y @

X 5

d o> - N 1§ b, .

. s R N it - ! i on . o \o.: 0, ©
e U A SIS 1 ool oot

Y o, ager Osny. O V0., -

ER RPN



B o

e P

e

N

- — e [ o T > [ - . sl i e an - A -
S . R R . T - SU . s -
i T - 5
Lo T3
) T
_ 0
e — 2 2
- j . bind i --
. ! 1 = R I
& - e 4 - >,
: - : ¥ N : f\.v ‘
. 8 -~
Cyis 4 . 4 E N al - ) M
s & R 7 == =y i e T
o ke . . h Y 2 . , 7
. o f= "1 Z T g ;
1 g ) 7 N -~ . 1 . LS SN
. = ] 3 \\l : v B A ~~ \ .,
I ] "4 (7] - s
\ 90 el ~ | —
. ye ] - . i
L - i P = Je: ! . N/b?/,‘/
[P o hS 1 - { St
. < > T O,:w. \\\\\ f: | 4 g S b
s&l . = - X 5
) v
R . .‘u \\Vl Scy <
- 3 o ] {5 \ A o41 dy
1 ) 3 ko 19 Gl i (i \ ts. k_
- U 29 or.n: ! ey
f = i ol Ty 0h; .
g 3 o N 13 14 4y
, : : ‘ o L
, -
s ~ ' $ge; L
e . 2] opo gt g
ST L _ -+ Liang ol /20080y | 331 oo
.\\*\\Xr . il \ Ooge | x 0 B3 » | 1 >
. i)
. 1 oy 021
nw 99 o G . L.
Pes
Orry -
X, (X
QA Tv
3 o F ;
o mﬂ n\ r
. ~ 7
. o N, 2, '
o Otlg2.
"
= i f
Tee 3 293009 < unn.ywwn‘gvo.o= ek
als P72 O O ey
. sl s f L ..\
+ | | ., g 0 00, %
_ i Lo 808 o
|4 fed O o -~
- . p e 00, .
R r
1T k iy il
ot ez #0 4 0,,
<, e 791 ~w
oy . L 0., 0ds "
T 1L nu L O g,
(20 it ey
Ny B of\..:»
\ -
A )
9 1 /\ ' 1
R !
o R - \I!\
’y +

T M TP ¥ T -



e & et i s e e e e s e = meme - e oo

I e Sua

H

T

e —
¢

g ot
TR

B, TYPHOON FORECASTING JECHNIQUES

During the 1951 #¢,~heosy season! & nsw record for*accuracy was
attalned by the Typhoun. laining Network,  Many. reasons have been given'
for this improvement sucpy A8 Iors Feconmalssance fixes, oyclopes oasior
Bo forecast, etes, however, ‘1t s Pelioved that'e portion of it resulted
from the typioon forecaster!s *mowledge end proper relative emphasis ox
_the thres Wold standhys? of typhoon. forecasting—rciinatology, extrg-
polation, and synoptic exalysis, - . et e

The proper evaluation of and emphasle on the "standbys® is a skill

develaped by experience and will be 41£ficult, 1f not lmpossible, to -
impard e the newcomer to the field in g short time, Muchlkis been written

~about the evaluation of the tools as Separate entities. An evaluation of

thls type is very diffioult; due to the fact that the three ars go inser-
locked and overlapping, Bxtvapolation 1s based upen persistence and its
noted valud in ‘the past, thus climatology. Evalvation of the synoptic

~ ‘sityation is based upon facte that have been noted mbout -behavior of*
» tyclones in simdlar eituations iy the past, thus climatelogy,

. _-Besplte the difficulties, emmerated fn the parngraph.sbove, in
separately defining elimatology,, extrapolation. and, forecasting from

. Synopbic wnalyeis, an sbtempt will be made 0 ouline the prosedure

belleved %o produce the Yes¥ results,

‘Waen only onme £00d pasition is availeble, & f’éﬁeca.at $rack should he

. mede from clipatological data,.then modified with 4nformation indioaied

by .the synoptic aituation, .Jf.Pives are aysilable, 24 or move hours épart,
¥be initial track should pe wide by obtaining the direction of movenent
from climatology and the spesd from extrapolstion or Praistence, 'This
forecest thin should be modiﬁed,-‘cautiouély\by( information ebtainsd From
synophlc analysise It is belivved- that the forecaster should be more
cautiocus gbont modifying, with synoptle snslysis; in the lower latitudes
thaa in the more nerthern aroas,: Further, the forecanter can place mdre
emphasis on s&nq»@ié_mlyqi;a:when Tecurvature is occurring. Symopiic
snplyeis could bet¥sr be msed to forecast recurvature, accelerstion apd
decelaration, if sufficient data were available to determine the pogition,
movemeént, and extenty dnto. the troplcs, of long waves,. A Northern Hemi-

- 3phere analysis at 200 and 200 millibays, Foseived by fausimile, weuld

be inwmiuable in using the behavior of the long wive Arain as an aid to
tropiesl cyclons foracasbing,  :In addition, the 200 millibay level

could be used to determine whother convergence 6r divergence exists

above the cyclomes, 4 study of this upper-air converzense snd divergence

hag been an pid in forecasting intensifiontion or decay even though very
Tew date were svailable at the 200 miilibar level.

The equi-~pressure bisac,tor method was used to fix centers of cyc¢lones
in the sree where & number of reports were available, - The arem of suf
ticient dnte wae, of coursq, north of the flat pressure field of ihe
tropicsy thewefors, no evalumtion of thie method could be mede for the
tower latitudes, : :
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The 24-hour pressure change profile emd Wwihdimirofile were used
guite extensively by ;111 um'cs of the TyphoOn Werning Network during
the 1951 -season, (he °.i . 1y nd.van'oeege of* e method wag. the fant
that it can be uged to Advaibage whed” nmy “one- x'epar‘a is e,vailabls
from & sztaticn. un&er the inflyence’ oF ﬁhe‘ ‘G;y’d}:dnﬁw EDLE i gt ]
: S ko, o

'.I'he vee. of tha “ls'beering levelf mei.heki Ha.s bem~;‘at.‘gxer unauocess.-
ful during the past season. Oocasionally)’ dring:recurvature,, it Uy
. could ‘he noted. that the path of & cyclone was following the ngw et 2
. cartain 1evel an& =% gao&. *oreca,at ‘direction obtégined. ‘ L

The Andezaen centex and the Glark-"ubnaenter had comidera.ble
wegess in forecasting escillatoyy movement , pf %ropleal cyclonee as
autl;me& by Horn, The forcpaster must Waiy Wil an oscilintory track

i eWablished. by three or four fixes befare be. cen determine the

~ position of'& cyc.lqma in relabisn $o the ostiliatory brack.. The .
acouracy added to & forecaat by Parecasting omia.‘.w:‘;*.ens ingtesd of &
nean path, is atmittedly ‘emadl, bt 4% 45 belleved thEt" ‘every. offord
should be ‘tmde to' increae: &ccuracy. Many tropical: cyclone, forecasters
ars not convinedd that heny cyclonsa follow Seciliabory’ frackeys put the
z’sconnaissance fixes durdny: the X961 season ‘present & wtreng” as‘gmm%

. for the existenge of such tFacks. T4 may Bé poted here that pragtioslly
ell forgeasters in: this ares have geined a considerable respect for the
‘accuraoy of regohnaiesance fixes during the- 1950-1351 seasons d.ua %o the

. (fé.o% that fixes which at first seem %o represent B very unusual, situation
- are u.wahy quite eredible. when viewed 1n the 1ight of an oscillatory

S . prack. Exﬁa,apolation has been used more accum‘bely because the -vscil-

..‘a.*ﬂg:,r amoka” point. ou} the negessity of the 'two fzx&a used be ing at
toabd one, wavalength apart foz- hast resulﬁs.; . :

. In review. the me‘bhcda aﬁd ’cechniques most usable to the Ty;\hoon
- ‘Werning 1 Fetwork are exbmpolation. olimato}.cgyr and @ynoptic analysis.
with au‘n-d.ivuiona of squi-pressure. bisestoly B d-houx pressure pro-

- files, yind pref; files; ‘uppey-eizr eomcrgepce ‘and, dlvergence, long wave
. effed¥E; uppe¥ 3 Aatitude gystem egffects, ‘and forecashihg mavement along
an oselilatory track. Thege we have the mein ingrediehts-of tropical

- cyclone forecasting during Vhe 1951 season, tod-when. pr’oparl,f ‘mixed
‘with a 1eavening of eiperience they will give the gt possibic fore~
. tast until such $ime as research revea‘le ‘ore valuame metheds.
techniq,ues and afds. . . Yo o 4

» . EEERL S Y :
) . ,A.,n'i,..,_ [ R TR .. Y

“a
.

J

\



C. ERROR ANALYSIS

In an sffort %o ¢v-1...t2 the serneﬁs prcv:.ded. ”ov the 'l‘ypheon Warn—
ing Network, erroys for bull:tin location, 12-hour forecasts, and 24~hour
forseasts have been corputed for all’ ‘bulleting and forecasts lsmped durs ing
the 1551 Typhoon Season, The purpose &f such an ovabuablon is twofold.

. First, 1t is to note pcmnts of wenkness and to suggest possibilities for

improvement. - Secoad, it is %o provide the Vetwork with & guide ¢ ifs .
capabilities in providing advance warning to using agencies, N‘ormally,
users of the Typhoon Warning Service are nob &s interested in the theory.
of ‘forecasting typhoon movement and intepsity as they are in the receipl’
of accurate forscasts far enough in adyance ef the ’aroyj.wl cyclone's
axfivel to take necessary protective measures. For this lat er reasom '
therefore, the rethod of ‘distance evalu&tian was used.

In this method ef distance eveluation & pos‘banalysw track, 'basedl
upon all aweilable data, is drawn, Becsuse of the few weperting stadd ons,
in the ares through which most typhoons move, synoptic anslysis is' not of

‘mack help in accurate locating of pesition. Most mccurate and, also,-
' most used are rocojumissence fixes. These are supplenented by 1mnd radar

fixes when awelilable, In drawing a curve to satisfy a se} of painta, 1%

. 18 quite often passidble to draw several quite similer paihs. However;

in drawing the postenalysis ¥rack s singers effori is mede to draw, that
tyack which beet satisfies sll fixes and dita, Postenalysis positions
corresponding to USAF bulletin times ave included on 'this %rack. - -To..
compute the errdr the distengs in nautical milss is measured betwsen the
position Indicated on the AF bulletin and the position fox the correspcnd-
‘ing Hime indicated on Lhe poatamlyaia. 'Grack. ' .

. Fost Position _
$r AP Bulletin |

Osﬁaualysis

R} " mea.ck

Various error charts and graphs are' included in.this repax't. e
;pa.ge 3U is included & chart showing mversge errors incurred. Yy the net—
ork as 2 whole for each individnal tropical cyclong. These aversge.
errora havs been correctsd apnd diffsr slightly frod those' which' e.ppaared
in the individval tropicel cyclone reports. For the enbire 1951 888801,

. these averages in nautical Hiles-aré as Tollowss

RS

THRORS INDIVIDUATL cyoroves '

_ FOR NETWORK o . K
' Bulletin 12-Hour Forecast 24-Hour Forecaau '
e Brrox Brror Erro*'
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m. Hour Fomeas"a
Error ok

118 tln v 2

E’I‘a, DI'

1949 50
1950 50
tlg

: 105.
116
BS

190 .
150
160

*

v a B

An. immmep,t in nntaé in Both bullebin lecation and; fgreuast;ing ,
Cne of dho
" most apparent is in the excellent recomnaissence support rendered.

averages, Thers are sevorsl probable ressons for this,

'34-Hcsur Forecast,

There was & marked incgosse nob only dn fixos provided but also in

reconraisgance fixey obttalned per A¥ bullotin issued.' This can be
asupered ag belown : - ‘

v . 30

- 24-Hour Forecast
: ' Ez:ror

[

\ S P AN .
'I;ris‘ ., '_.\..‘,.5'/':"' '.)59;\... ':- , . . :‘J,-OO"; :” ' ' 150_ ‘
Jen -7 45 R R 205
Kate . | . BD . " ~ | e ke " ‘. o 1}:‘@ | f.
_ .\I;‘o'uisé‘. eQ T Ty 4B U r} P 70 : |
. Mares o RO Lm0, .130 .
“Nora - 4B 85 Ve 120 ’ : :
o . o 3 - s
Pat 40 o a0 =m0, s)
TR - ) h?os - ‘;40‘”;‘; fot
Coemn . 60 ' 146 as e
Thelma. e '. S 25 85 . 185,
'Vem.'-“ o ‘ ... B 85 St i o ,""3_75 o
Vonda S - ‘128
oy . s 70 1300
 Bavs 30 15, - 210
Average | - B0 85 “180 2
‘ 5.11 ﬁgt:;*éa m nautwcu miies. S - , .
These aVarages compaa‘e with thoss of the 1949 i 19’5'5"‘ season as followss ’
o Sulletin Locedton o 1a-Eoux Foraca,;t ' ‘ '



*

BT O amt e s Aot o’ 3

Nrber of Fizes abes of ullotine * Eeslo Fixes/Buls.

1951 ie8 400 ‘1/2.
1950 69. .. 294% L[4 %
1949 50 02 1/6

#his docs nob 1ncludle 49 bulletina issued east ai" 180
degrees Longitude, &@s 1o proqiaonh wére made for’ rectmw
naissance east’ of 180 de grees af +ha,t +1me.,

Reconnaisasance fixes aloae are net the answér to the x@renast preblem.
However, by’ judicious use of thesm fnrecasting can. ‘be imnrovevl

Ry bz-eakdown of a,verage ez’rors .amurreé, ”by each ne‘.fw 1{ wait fer
each individual fropieal cyclone is ingluded ‘on phgas 34° ’ﬁhmugh 38-
The overa,ll averagas for “bhe entire staamn ua.re e.s follwen e

i

o, of Bl - Bul, Locw- " 13 Tost. 84-~Hour chf -
Andepsen . 138 @m0 . .85 i - A
Clerk 154 2 5RO 125
Telm ., 108 - 3B .~" 110 185
These cam:gara with the 1850 and 1949 averages as-followa: o

hmeuJ..Bul. I.oa, | 12-Hr cht , 24-33-.‘.@&5. )
andorsen 1981, 38 . 30 ( 85 - 14k

: 1950 -89 .38 . - -g0 - i . i .

“yeie doo w00 S a9 - mes
ek - FRSEL 154 @5 . | L oo Cies s 0
3950 4L. 45 - plUies 180

S dme e 600 oot TsG e

Tokyo [ 3@RL . 108 . 85wy oouo : L 195“],‘.”'
0 144. 1607 t. 7 . 128 R N
. 1849 - BB.3aB0. -0 70 18 ,

(Bn._}.s‘ainu, igaped. by st.ena are’ not Ineluded in. hhese compariaons
as this. stakion wes d.romaed i'rom the Ketwoﬂ" 1w 1,351.)

It should te menticmed that ccmyarinbn af BVernges ‘ueween the mious
network units is uat. necessarily & comparison of forecasting ability.
Bach network hnit has its own forecasting problemss In the fuan area
of forewusst rosponsibility, vhers thers are normally few doim avellable -
forecasting is done for the oarly stages of s tropicel cyclnne*s life
cycle, when the storm is ill~defined ind 1ittle accurate history aveil-
abla, oven thomgh Yhe origlunl disturbance miphé have ‘begn tracked from:
a5 fax sust as ¥wiriein, Althoweh the Eagterly Weve. z’ramm is of
groat velus in following tho progress of these disturbances, usually -

the position &8 né mors poournbe Shem one degree of lengitude.. Centers -
of vortices are difficult to place within two degrees of latitude. by

3L
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aralysis of time-wcrosswecnons for individuel stations. Nommally,
it is only after recor -leu nce enters the ploture that accurate
loceticn in passible., i oy mwmmh*after d,e‘amtién, remu:vature
is poselble,. L N o "

In the Glazk area of forecast z‘e»ponaibili’ay, ;prc- iems. are qm.te
sinilar to those outlined above, except’ tHet Lsually there is-mere
history of movement and Antensity. A leck of ‘datm meilzen the \uss of o
reconnaissance necessary for loeation &b pxaaon‘k pogitiom- Again;
’ x'ecurvatum is :possi‘o:in a:h any: ’hiw‘ Bt R

. Porecanting probl ams cha.nge uamnwm& in tha ’i‘einyo aren 5 rsape:ssia
bilitye UThere is usually moze dats awaileble for lecabiag prement .
.loesdions, and the problemiof tecurvaturs ig not. 8o g'eat, for; normal-
1y, the tropical cyclone haw already. recurved or is in en sdvanced stage

- of recurvature. However, Yepid accelerasion o speeda in exceaﬂ of 85
‘knots eve not wacommon, This does present a problem, for the tresk 7oy
be wall f&mcaat, hut &n error in speed of oaly five kméte will resuit

: in an error Of 120 nw.tical ms.les. ueuming the bulletin poaitian $o be ')
. , withouu er:;ar. . C-

o . mem At A O -t T 2 & e

‘ Thess $ndividual' nefwork unit average ara, there£ore, 1nclus1ad, .

- S {11 necesaari_y £or mmpariaan boiween esch other, but, , rather; for
comparigon with results in the sams avess IoF provious yearss -In

: . general, thn results indicate that bulletin locations hawe improved

P - during the throe yeer pevied; This iz pardi ularly frus in tho Guan

;. ' g crdby arens of forecast respomsibility. There has 'baf‘sj’l & trend for
| ' inpravement af both the 1~ and 24-hour. fcrecasta. a.lao., T

[ R

Vo ‘ Quﬁe ofton aversged nre mislesding, For this Temson, diwribution

" graghn. of the errors made by the network,end, also, by individual setwork

units have boen prepeved., Uhese mre included on pages. %thaou,gh 48,

laspection of these graphs show thet the network wes 2ble €9 idsue’

bulletins .80 per pent of wkich had 30 miles or less errox for:present

position, Al8o, 76 per cent Of the 12-hour forecssis were Jocurabe . .-

within 89 akles or less. Approxicdtely "0 per conk of ali zﬁhour : )
forecasts nede were aqunl ‘ge or léss thau “the’ 150 mm avsr&ge. k .

a. comparison between the d.istr“‘ 161 xi of tk‘ees e:'m*a a,zzd. timsw for
: "95& # included on the.graphs, pages 43 through 45,y " Thega. qxour an
improkung for the network as 5. whols, over the 1959 aeason. .88 cap Te

#een by the follov.ingz : o ,.'.I;T el sheon
, A Lo o8 ('\ ) .. _. - ety e .“: N | R . -‘,-"..__" .
S B e SO - S
. - . . PR e n T ‘. S Same -
‘ LR s R T R AT T S r A P
% :Bolletiu lomtion bez.ow' T Lt T A
780 nautical utles- RS AR : T

'7$ 1a-hous :foreca.:tc below S T
85 nautieal miles . . - JEURRCE /-

5 24~hour foracasta belaw' . .. ’ _
150 nauticnl miles . ' 50 - 70
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In oz:dcr to ow lunte 3.1nuar e*ctrapolation and climatology as .

forecasting; $o0ls, A con wuison. bebwedn 2d-houy ferocasts mads by
“hese and the -actual 24-nour i‘orecmu g made, Oply linear extra~
_polaticn was used in meking fhis ccmparison becaugp of the inherent
difficulties in any syatem of verifying modified extrapolation after -
the typhoon ha$ oceurred. & sincere effort has been made to evaluate
.each of these in the fairesi manner, ahd it is guite possible that
errors for both exbrapolation and climatology are smaller than would
have occurred hail the forecast been made.ab the same time snd wnder
the ssme conditions as the astuml forecash. IV is suggested that 24~
hour forecast position uwsing these toolé be iIncluded on the forecaster
work sheetss Pages 49 through 50 incl ud.e ‘distribubion graphs compax--
ing, the thres %types of forecasts. .
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Marge 20 60 s - 0

-

fora 0 | 50 -
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fands 106 175 s
ay . B0 - 85 140 18

-
e A e e

Bebs 25 - 106 175 14
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"Iris
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. Orsa

Pat

Wands,

Bobs -

L]

Average

-

Bulletin
Location

o5
30
20
20
25

45
20
25

B0

25

'ERROR CHART

1761 TROPICAL CYCLORES

Olark Sub-center

l2~Houwr 24~Hour
Forecast Forecast
60 110
100 100
45 70‘
70 125
60 140
140 230
€5 110
| 65 125
140 270
70

All errors in N&u$ic§i Milea

125
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Bulletins

21
<
18
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ERROR GHART
1951 TROPISAL CYCLONES

' A1l errors in Nauticel Hiles

1B-HoWF BA-Houwr:© o, of
Forecast Porecest. .. -Bulletins
B 370 13
85 160 18
76 140 53

- - 2
8 190 2

s 5 1.3

55 98 10

& 25 5

- - 1

110 196  Total 108
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The comparisor of these three, extrapolation, olimatology, and
the actual forecast i ~-te slightly better results for the actual
forecast, ' However, it i st be remembered that all three forecasis

eré interrelated, that is, usuwlly an extzapolated pabh is drawn,
then is modified by clifmbolo synoptic annlysis, The results
then nre pret‘g'y ml;_bgh a4 ﬁiglxt g,gre aél:%pé’ tec;P. ic amalysis,

All in all, error analysipg for the 1951 season shows an improyve-
ment in forecasting in eack arer over vhe 1950 season, It should be
mentioned that this type of analysis is not the only mesns of evalunting
the Typhoon Warning Gervice, It has been suggested that the exrira be
correlated to. speed of movement; Iack of time prevents this being done
for this partionler Annusl Reporty However, 1t 1s suggested that in the
future an attempt be made to correlate errors with changs in direction

and chenge in speed, It is during periods of chengs that the largest

errors do occur, There are several pitfalls in this type of correlation,
ene of the most obvicus of which 1s when & typhoon vegomes nearly
stationary. This presents one of the most difficult of forscasting'
problens and, if correlated to speed aldne, it would appear to be &
simple one, : . '

In addition to the improvement in forscasting, operation of ithe

Network as a whole showed improvement, No mejor SOP viclations were. -
noted. Typhoon forecasters were nors familiar with procedures, whisch

improved the services provided.
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. The s 185 . 395
gi} Véra v - sa
Wanda 125 115
Any | 130 135
 Babs | 210 190
\
All figures in nautical miles
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D, ‘GOMPARISON WITH mﬁvi‘oﬁs‘" YEARS

‘ In considering o,comtion of the Network @n@ thould compare the
occurrence and behavi Ay of tropical cyclones: during the 195] season
- with that of previous semsons. It Fos eften been said that tsws is
ne such thizg as & worual “typhoon season and Phat the vehavior of
individval tropical cyclonss varies greatly “com the averages. It is

et e -

true that averhages deo ack descwrlbs dwopigal. eyolene.behavior, adequatsly; .

but this is quite offem true -any time an arﬁithmetic mean is used to

. describe’a phenomenon, Fven the mést reliable averages are nob bases
for predicting the value of the next i:;dividaal itom. They must be used,
hovwever, to degeribe the probable central tend.enu;y of a group, end, if
chosen wieely and used Judiciously, they cen Ye of great value in the
present ing ef s '““*rias or eet:.me.tang future behavioks

It 1s the purpose G':E this section to give a genﬁml p:&.cture of.
the 1951 typhoon seamson, and compare this with other years to gsee if .
& any . trends may be established, ' ’

7

Seas@n&,, msﬁri‘bntien ‘
Tncltded on pags 52 of this report is & chart shewi.zig dates of
occurrence, number of bullstins issued, and number of recensmalsssnca
_ fixes obtained for each individual tropigal cyclons, From this a -
distribubion graph of the number of storms per month was mode, page 53.
t In mmking “his greph tyoplcal cyclones which occurred during the last |
part of the month and the first part of the following month were
| considered to have occurred .in that month in which the gremter portien
!  of the typhoon ogcurred. In making comparisons, two groups of historical
date were useds dete from 1905 ~ 1936 inclusive prd from 1945 - 1950
J inclusive, The main reason fex dividing the data into two groups was
becanse of the manmner of collegtiods For the puriad 1905 - 1936 makn
5 . sources of datm-were surface vegsels and land reperting stations, Since
€7 1945 thess sources have been augmenied by serial reconnaissnnces It is
" of imterest to compare ths 19581 seasen With both groups, then %o ‘compare
the two groups, with the 195”;. soason included, to see If thers are
o . sz_xgnifican* differemas. ' : ‘

. I campaz:ing distribution of nropmai cyclones AQuring the 1951
seanon with the Ywo zroups of historienl data, little, 1f any, signie
ficant variation frem the mormal wes noted. None with suiface winds

; © in exceps of 45 knots wors reported dv.r::lrg Jenuary or February.. Thore
wes only ome per monbh for both March and April. .These arc all as
night be.expected during the first four monthe of the year, for it is
indicated by histerical\dabte that one tropical cyclome or lees per
month may be expected frop Janusry through April. May and June were
quits normal with two Yeing experienced during ey and one during June.

Historical dahe ludicate that from one to two tropical cyclones with
surface winds in exsess of 45 knobs may be expected during eithex of
these months. There was somewhmb less activity than mlght be expected
during July end August, Instemd of from three to four, thsore was only
one enchnondhs Season maximum for 1951 vccurred during October rather

L g ' , 51
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DISTRIBUTION OF TROPICAL CYCLONES
IN THE WESTERN NORTH PACIFIC

183

T
! e
| N 4
QO
| b *
» 3
: W
; o
R
g
. (t1]
l T
3
<

53



SEASONAL DISTRIBUTION OF TROPICAL CYCLONES
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than September., Houwovcry, +‘ws ig not congidersd tc ve & mmrked depariure
from the norwsl, as the ~vii ge for Sentember is four nper month and that

for October betweon “hree Pnd four. 8o, there are yesrs in which Septembexr
ray be the momth of maximun occurrence snd years in vwhich the maximum will
accur during October, Novemnber and December were, also, guite normal.
Perhaps the most unusual thing about December was not the number of typhoeus
vhich occurrcd, but the length and severity of a typhoon which did occur
during that month. All in all, then, &g far as the distribution of tropical
cyclones is concerned, 1951 was a normal year, '

The two groups of historicel data with 1951 tropical cyclones added
in the 1945 ~ 19581 inclusive group were compared, page 56, The same
general fertures are shown by both groups with minimum trepical cyclone
activity occurring during the first four moathg of the year and maximunm
activity occurring during August, September, and October. There are some
differences, however. During the past seven years fewer tropicel cyelones
with surface winds in excess of 45 knots have occurrsd during the first
four menths of the year then did cccur during the 32 year.period 1905 ~
1936 imclusive. A few more trapical cyclones did occur during Ocbober
and November during the 1945 « 1951 period than the 1905 -~ 1936 period,
These glight diife:ences might be. explained by the shorter period of
samnlzng.

Aveas of Formation and Intensification

The great majority of itropical cyclones ariginate in areas where both
surface and upper alr dabts are scarce. Since World War II, aerial rscon-
naissance has been of great help in the early detection of tropical
disturbences. For this reason, areas ofyformption for those tropical
cyclones which developed during 1951 ares compared with the arems of
formation for tropical cyclones since 1948,

. A chart showing the points of initial detection for &ll tropical
cyclones occurring during the perlod 1948 through 1951 is included in

this report, page 58, As can be seen by inspeetion of this chart, the
points of initlal detection are scattereu over u wide area., The averages
for these ard as followss

Year 4v Latitude Av Longitude
1951 . 14, 6N 141,58
1980 19.1N 135,88
v 1949 . 15,78 ) 13%,58
1948 17.48 138,18
4 Year Average 16,8% ' 137,78

Median values are as follows:
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Year Yodian Tatbitude \ Median Loungitude
1951 13, 9N | 141, 58
1950 . 21.58 - . 134, OB
1949 : . 16,71 131, 88
1948 16. 0N : 138, O

4 Year Median 16. 0% 136,75

!

During each year the medisn and mean wvelues agreed quibte well., As can be
seen; it is rather difficult to describe sny one small ares in which
tropical cyclones intensify. - (It is assumed that mast of the tropical
cyclones were detected soon after intensification during the period 1948
through 1951,) It does appear from inspection of the above tables that
during 1951 intensificetion occurred farther south and farther sast than:
during any of the other three years.

Although troplcal cyclones do not have & small, definsble ares of
intensification, there appears to be a source region near Kwejalein for
tropical disturbances. Many of the tropical cycloncs which became well
developed typhoons during 1949, 1950, and 1951, developed from easterly
waves or vortices which can be traded back to this area. The charts on
pages 80 through 62 show the stggested path, prior to intensification, for
those tropical cyclones occurring during the period 1949 through 1951 that
could be traced back to their ares of origin. TUnfortunstely not all could
bs. A48 can be seen by exmnmination of these charts, meny of the initial dis~

‘furbances did come from the arse near Kwajalein, This does net necessarily

mean thet the initial disturbance originated in that area, but they 4id at
least pass through the aren, The actual ares of origin may be ‘farther east.
However, not enough data is raceived fronm the area sast of Kwajaleln to
determine vhether this is true or not, Normelly it is not until they pass
that station that these aisturbances can be detected,

These initial disturbances intensify as they move into the area west
of Guan, although some attein typhaon intensity before rosching Guam, During

.. 1950 several of the disburbances, while still in the vortex stage, intensi~
- £ied while recurving. During 1951 mosi of the disturbances intensified

prior %o recurvature, This is nmvch the same as occurred during 1949.

It appeérs in comparing areas of formation for 1981 tropical cyclones
with other years that 195% was & quite normal season. Most of the tropical
ecyclones developed from disturbances in the cpsterlies which pagsed through
the sare areas as in previous seasons,

Speed of Movement

Various average speeds of movemenit were computed for all 1951 tropical
cyclenes. These avorages conpere with averages for other years as followst

59




e W e — .

J T U IO W W
. \ .
\
1

a7 ST aan Shde s W

%)

e A T R KA T A R T R TR

e

60

R
-

Ao



¥
g

61

g o e #mimamis e am

. S g

R S




e S RU Y

o e e e e

62

e s g 2 i S

ommn

e

i e T

=
C . - -
|

R

i



il
L

SN ik wn

e

P

\ e e

e v

T TRy R PUUISNS S0 o, 4 it N M5 s M

- A B e i - - T

f&gu

A

1949 1950 = 185l

A

_ Before gecwrvatuze . -~ - . . 10,6 = 1080~ 9.5
~During recurvature _ . 9B T 9B -, 9.0
After recurvature = - . .. ;| 16,00 © 18.0 7 20.0
Overall average o . T ‘-‘* 12,0  12.0 'EL 2.0

in making theae comparj.sons. avemge speed.s for all thrae years were
compubed in the same . manner and rounded off to the nearest , knot.
There 1g &n appreciable & difference betwsen the averages ircludud. Here
for 1950 tropicel cyclgnes and those. wverages published-in the 1950

Annual Report, The averages used here have been rechecked and are
believeo %0 be corz'ec*a.

, l‘he rn.nge o: speeds for 1951 was from nsarly st&‘cwnar,,r to above -
.30 knots, The pame wide range has been erxhibited by tropical cyclones

- of o’cher yearss -

A
Intengity

All trl:pice.l oyclones during the 1951 season a.tta.ined, typhoon

intensity, Four of these (eorgla, Hope, Joan, and Amy dissipated while

85111 over troplcel waters, With the exception of Georgia, all of .the.
four had either become. stationary or exeentod small anticyclone loops.
After attaining typhoon inte:nsity, the other tropical cyclones maint alned
their in’censity until tney beca.me extra.tropical or moved over large la.nd

e

aLE8Be

-
K

Diréction of MOVemem.'-t;

Directicn of moveizsnt, although var.ted. was not much different from
that during other seasons, Charis, pageﬁ 65 through 67, show the iracks -

. of 1949, 1950, end 1951 tropieal cyclones. Some of fthe tmcks along which

‘the various tropical cyclosite moved during 1951 gave evidence of & type o
of osgillatory motions There is'nothing different in this from that of :
previous yearsy &s reconnaissance fixes have often indicated this type of
movenent, During the 1951 season an effort wms pnfe to draw the best path
that satisfied all of the fixes on & parbticular tropicsl cyclome. In

préyious yéars a neen peath has heen drawn, The fact that such osclllatory
pathg have besn dvawi by the Post Analysis Boerd this pmed season does not
necessarily mean that they do behave in this manner. However, 1t is the

..i-

“opinion of the ,«-eaent Yost Anelyeis Board membersa. tna.t troplcal cyclonee

accura‘ce mthod for predicting such ¢ phenomenon,

do deyiate sligh.tly from the mean path,-

ALso. during 1951, four of the tropical cyclnnes appeared. to loop
anticytlionicaily. This hag occurrsd during other sgasons, and has always
presentsd a diffuclt forecasting problem, for thers is, &s yeb, no known

i
'
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‘yropicsl cyclones which’ occurred during 1951.,.
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Only four of the trovical cyclones during 1951 did not recurve
or partially recurve., Jo-n ~nd Hops were in aav&nce& stages of recurva-
ture when first detecte L,  Both of these 100%8&, then quickly dissipate&. '
(feorgia qarved cyclonlc‘llv, rother than ‘anticyclonically, bub presented
the seme forecasting prablem ss -anticyclonic recurvature, . Xate vas in an.
advanced stage of recurvﬂture ‘before being detected as.a typhoon. ALmy

,began to recurve. was- blocked-durih« recurvature, then became ncarly

stationary and moved aou&hwcstwaau. » Much the same problens srose from
recurvature during 1951 as auring the 1949 and 1950 seagongs . - -

The following section includea g8 short narrative of eaﬁh of , the
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The l°5" ‘oyphoon semson was uéherec}. 1’ with the arrival of Trowical
“Uyclone . Georgia, pam £rom | & roubine’ vultx.z‘e Géor;ge reconnalssance

P ‘.fligh% on 17 t&arcn indicabed the existence of & rle*’iniﬁé cyclonie -

circulation near 3 deprees north: 158 d.egreés ongte | “rrom this position

it moved northeastimrd paasing approxima%ely 20 m’Les "douth of Kwajalein

- cyélone epproached miwetolm 1t began digsipeting . mpidly and by 25 March

, ‘dweleping fear 4

168 degregs engt’ at’ OQOOZ 10" Aprijs ‘Ofher reports from normel Gooney

at 0800%, 20 March, giving tha.’o station gusty suriace winds of approxi-

mately B0 knots., Forecagiers m; Kwnjelein sont a ‘meseaze to Andercen

) V,'eather Qentrals’ Tropedé were then initieted.  When redonna.xss«mca ‘

arrived in the suspected mres df 21 March, a typhoon with winds in-

excess of 100 knots wes fomnd, Typhoon' bulletins were initiated by

Andersen Westher Gentrel pasing this tropleel cyclone Georgis.
© Yime of de‘cectian, Georgle was, moving nort«hea,at. This northeastmrd

movemént continued uatil the trcpical cyclense reached & pos:.’oion neay
9 "degroos- im.th 1%L degrees east, At i;his Pposition Georgie curved back

niles, * Moving wostwerd, - the prth that Geovgis. toek nearly peral leled,
the peth plong which 4% had moved before Fecurvinge As the tropical o

it was deemed to be ng :Longer opemtiommy ha.zamot.s.
Ch | O soeg-
© : © ' 18-20 April 1951
‘ (10 Bulletins)

- Early in the month of &pﬁl e chnin of small vortices was noted
4 gegrees north 170 dégrees sast, From one of thess
small vortices iupe lntexr deve].opeu. A,na.iysis of reports from a ’
roptine Gooney, Dsg; flight indicabed & vortex near’ ‘4,5 degrees fiorth
veconnéissance T1ights *né.ice.teé. 8, westuprd moveneut by- this “vortex,
By 12 April, it had maved izisdde the normal Tulturé Georga tracks
J,rona&s wore mi’ciated on I7° :April by forecasters at’ .Andersen Weathar
Central beécause of the re.pia. Q.éyeriwation, 9f" womther noted at Gusty -

The B4th- S"@ﬁ.&*’@gm Recomaissénea Sduadron was r@gues*ed £6. reconnoi‘be:: o

the aYems & storm was Touhd téntéred. nsar 15 {egroes north’ 14.2.;5
degrees e\ast. Andersen Wea‘bher Gentxal Initisted “bulletins on Hope'
which was at that, time in “the’ ‘pro¢ess of recurving. -Soon after the

 gecond fix, which was obteined at 1806002, Hope becane nearly stationary
and executed & small anticyelonid 1oop,

. This was sccomplished in less
$han £4 hours. -After looping, repid ﬁiss"“tion o¢curred as the stori
moved first westwsyd then west-southeast a.n(l ’within 43 hours it was -
considerea. to be no longex dangerc‘as., o ’ o

] % . 2
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toward the west with a radiup of recurvature of approximately 90 neutical
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\‘ _ " The third sturm to ocour m' the‘ 1051 typhoon soasrm was Iris which,
: ~ . during its 13 day's e:ustence, moved same 4200 nautical miles and
’ mdrzuwhed new records for, numbep. of bulletine issued and. number of
vaconnaitennce fixes obiaineds’ When reporhg from & surfece vesgel near
Bl E d.egréees north-144,5 degrees snst indicated, winds: in- excess of 35 -
‘kngts. Propads werd initiated by Andersen’ Weather Genbral and rectunnis-
sancg requested fox 30 April. A tropica,,t stsrn was found geptered near
8 degrees. north 141,5 degrees. east at 300215%. Meximum surface winds at
that time wore estimeted to be 55 lmote in all quadrants. . Iris moved
| along an oscillatory path from the pogition of initial penetration until
, S after crossing the Phi*Lippine Islends., After: entering the South China .
| ’ Ses the typhoon began to recurve to the northeast, . The path becane very !
regilar after recurwature had cecurred, & problem did arise concerning
- the ‘traasfer of forecast. responsibility in bhat “this was also a'period of 3 .
‘tramition Lrom the 1850 to the 1951 Typhoon Warning Service S0P. (Clarifi-
. cabién as to whom o trensfer forecast responsi‘oiliw was received from
b _ 'Heao,quarters, 214&3. Air Weather Wing, - The 1951 80P wes followed for trans-
o * . fe¥-of forecast responsidility. Iris moved noriyhesst st ‘ajpproxime.tely 25
SR knota Ghrough Tok;yfo Wenther Central's area of respensibility until 1Q May,
{ , ‘Then one of the riost difficult forcoamsting provlens wes encountered £ov,
C .- at this point, Iris began looping. This wes one of the four tropical
i
H

e

[ I

——

. cyclones to do this during the 1951 season, Repid -dissipation oceurred -
| : aftar 1coping, and the ﬂina.l bulletin wae: issued. on 12 May at 06002.

- e . 7»11May1951 L
: o et o {18 ‘Bulletkins) e o ‘
- : Normally tropical stome in tha Maa-shall Islands a,re a rarit:y; How= 1
O " every ! Auring “the 1951 sengon two storng -affeeted those.islendsy first was
Georgis, the.sgoend Joan, -Beth presented- during their brief. existence, '
largs forecast problemm . Joan, when. firsk positive evidence of B tropical

. ‘storn's éxistence was obtained, weé in d Mell advanced stegs. of TOCUL VA .
$ure, . Flrst positive evidence of Josnts Weisbinee wes given by an Alr ,
‘Force fix et 0722307, Within 36 hours Joan ‘completed sn anticyclone' loop %b {

and gzain ‘began recurving, - Howevery - dinsipay fion occurred within B0 hours
, a.ftar looping ancl the final bulleﬁn ms dssued at O“Oz.:. i1 May.

g L T '.‘ R !
29 Jupe ~ 2 July :1.951 e e
(15 Bu.,.letin&) L, ‘

L o Progress of a vortbx whﬁ *h was. originally detected near 7 degreea
' ) north 159 degrees east at 0600Z on 17 Juie was followed Be this disturbence ‘
moved westward passing some 350 milep south of Guam‘. By 26 June reports
from eiroraft flying Vetwsen the Philippines snd Guam indicated that a
tropical storm exlsted somewhere south of that route nenx 139 degrees east

69
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1ong.»tuole‘ Andersen Wer”oher Gentral began issuing Tropads ancl requested
that & vhe 54tk Btratseis Reo :u,massanae Squadron inveabigats the auspovied
8T8 Azx ajreralt dew nspa G'wm 0;1 96 -June, -and, upon arrivel in the
suspected ares, fou.nd, a cyclo mé c;,rcula,tlon with maximum winds of 36
knots, The center wis uear 12 ddgieés north . 134 degrees east, It wap
decided to carry this ares on Tropads, Iabe on 28 June, reports from
surface vessels .indicatsd that the vortex had further intensified, Again

. the 54th Strategic Reconnaisaa.we Squadron was racmested to invegtigate

the arep, Thie time 2 typhoon mth maximum winds of 75 knots was found
centored uear 19.8 -degrees north 127 deg;rees east at 3901002. 1% was ab,
this time in & far advanced: stage of recurveturs, NQ particular difficuliles
wers encountared in forecaetmg the stdrxﬁws spead o‘ dirscyion as 1t moved
northrnorthesstwerd toward mushu. Kate moved tnrough Kyushy along the
north const of Shikoku decreasing in ‘strength then éurved tomrd the east.
Late on 2 Juiy, .48 & vxopical storm, Kate moved out” to sea. “Within 12

: hours mxim\m winds deureased to 40 knots. 0

™
B I

a Comumssc 2
et 27 July - 1 August 1961 : S o =
. {23, Bullatins)

Easter&y weve., 0708,'5 was wabched wi’m Y grea.f ‘deal o:t‘ intarest as 1%
passed by Guem on 25 July at 06007, Reports from Uithi indicated the -
Presence of a tropical disturbance north~northeast of that islend at’
2606002, Strong northwest winds and pressure falls abt 6.1 millibers
during & 9-hour period were noted, The 5H4th Strategic Reconnaissence
Squadron investigated the aresm on 27 J‘ul;f and they found & fully deyeloped
typhaon centered neax 12.2 degkees Horth 136,4 degrees east at 270105%,
Builetine were inijiateéd by Andersen Weather Centrel assigning the name

. Loulse 10 this typhoon. The peth along which this tropioal cyclone noved
o .ves very intaresting. as 1t gave good avidence of! oscillatory novenents
( .Lauise entered the coasy of Northern Imzon en 30 July, however, Wwinde of

typhoon. intensity. bogan. 1ashjﬁg Isubels Province date on 29 July. Although

“the ‘stay of this-typhoen was. bri‘ef, the demage wes grea'b waid by the tine
v . Louise had moved into the’ Seuth Chine Sea on 31 J‘uJ.y. X wid,e sweath of ‘)
i, devastation had been cut thi‘ou,gh. Northern Luzen, 'Sexicus deliage was dene

40 crops and property, By 180QZ Lonise enteved the Ghm deast near chg
b Diasipation ocmwred :t*p.pidly.

' Mmﬁ ) o ' g .

/11 Hiad August 1951 L

' ‘rsz ’.Bulletins) o .

Oms of uhe lovigest cyphoons during this ﬂteasen ves !1& ge. In all,

53 bulleting were issued: aftor vortex 08053 attained trepicel storas
intensiiy. Geoed evidence wes given of mn sscillatory uovement. When
approximately 300 miles ’last-southwaat of Guam what st first eppearsd to
be recurvature oocufred, bub instead Merge moved mor’ohwestward and

‘ coptinved in that directien along an osvilla%ory pa‘th until 2L August.
. A} that time, Marge was nela.:c B3 'ddgreds norkh 123 o.egrees east. Here
. slig,hb recurmture occ:urreu e,s the sﬁorm mavecl along the westz congt of -
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Kore&; then crossed that’ oemnsula betwarn 28 degrees and 30 degrees north
datitude., By &4 Aungvst, il & cyclone was deemed to be non-hazardous :
‘¢>pera’51cmlly 80 the fi.al bulletin wa.s issued '-by fiokyo Weather Oentml.

-

-

o woRs
3l August -3 Septumnm 1951
{13 :Bullet:tm) '

An,other storm wmcz gave ngod avidence of" oscillatory movement ws.s

Nora which finally . atta:.ned typ‘,hoon intensity on 31 Augushs  Vortex 08083,
which vas, first @stected in the viéinity of Truk on 23 Auﬁxmb. weg kept -
‘under ¢onstant surveillance, On 27 Audusi, because 'of the deteéricration

of weather near snd to the west of Guam, 1t was veguested that the 54th
Reconnaissance Squadron in\restiga.té the arsa next dny. A thorough search
,was made and a cyclonic ciremlation of mederate’ intensity found. On 30
. August, reports from a surfase vedsel neer 18,3 degrees morth 12¢,5 degrees
“{ east indicated intensificatieon. Bulletins were initiated by Clark ard
mettols progressed in a routine manner as Nore proceeded wesd-northwestward
across the northern $ip of Iuzon. -Upon entering into the South Nkipa See
on 1 September, Nora, which had decremscd in intensity while moving sérops
the Philippines, bothintensified and accelerdted. By 3 September, the
. %yphoon was rapidly a.p;xoaching the Chinese comst and decreasing in

4‘
g e G 7 AR A
e P S

(a2 Jaunems)

"‘ &ntansity; U‘pon entering 1ntc> Chine xﬁpid diesipation occurrﬂd,. »
§ f e J.ﬁ =21 YSEF'?:’G‘:"EVG?’ xvo.r.

»
A The disturbence from whieh {\;ra developed was firﬁt cartied on easber-
- 1y wave bulletins as hgtarly WaVe 09032; A passage was neted. 8t Gaam on
. 12 September, On 16 Septembar, aithough maximu winds foudd by reconnalgs-
- 'Bance were 35 Imota, cond.itions wers favorsble for intenaification 80
( ) Bulletim 1 wes issued forecasting winde at 60 knots within the next 24
- .- hours, Reaomismme verified this forecast the next aay.
" Ora _sss. quite. sikilar. fo that of Nore. .As Ors approached the Philippines
fheie wes o ﬁené.enf-y Yo recurye, however, & lsrge oscilation resulted
v ingtead with thé typhoon turning westward passifig north -of Tuzog on
18 September, No demege was dons to pepulatdd: areag during Orals -
. existencs, Aa the txo 3\ cal cyclone moved ‘through the South Chins Ssa ‘
- -Smll oséu,n&d:icns wex:e ap;:a.rant, ‘After the tropical cyclone movsd over
‘qumn. the 4 q.t bwlle ﬁ.n wis hsw; ay Glark st 06007 on 21 september.

Tt

A 5 ﬁ'ﬂ.leﬂm}

W Bors dn ¥ ' diietiuting within 48 hours ‘agter mar'hing
'émwn intam!/ ry - Drigli the dlsturbencs fron which Pat developed
wal- sbrried on/ghnte aﬂy W¥s Dulletine; firet as Eaeterly Wave (9053 then,
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& lack of avidence to verify 1ts existense, Istes (lafk picked up snd |
relocated this wave at 120 degrees emsby . Slightly later ‘there was

" evidence of a vobtex in ths South Chine ‘Sea. -which was picked up by Ghark
and mumbered. 09014, Ok 25 Sdpteiber Pretes Island roparted 63 knot - -
surfece winds,  Bullebins was: initlaved:- by (lark and.fhe 54bh Stratesic
Keconnaissance 'Squadron ‘fequested to.iavéstisate the arsm,. After fiying
all night, the créw located & fullvgroim typhoon #5-0800 locel time with

. Winds in excess of 90 Euotm. '-This réccnnaissince. fix wns the only one

' obtaindd for Pt wes movisg Yoward Formoss: Upon woving over that island
Jthe tybhooh dissipated rargfly and 14416 evidente'uf 3ts existerics ws
given by the Yeoonnaissance reports next day, It:ims not ‘Possitle to fix
‘the center exmctly because of the dmngercus terymin o8 Formess, but the
aircraft did circumnevignte. that islssd-and found s definite cyelonic -,
circulation with “i4s center somewhere over Formoss, Op 28 September, a
reconnalssance aircraft which was returning 4o Guam was diverted to the
aree and found no indications’ of & storm exisbing, SR PN

N o

oS e e Ty
ST, 9 n 1B Qotober 1951 e T
S - (28 Bulietina)

.. Auother-typhoon which developed from an easterly wave was Ruth. .
.Bditerly Weve 10012 of wesk “intenyity was detected passing by Kwajalein
" at approximately 1500% on 3 Qetober, ' 48 4t moved westward toward Guanm ‘
' &% 10°kndte, 1t wns keph under constent supveillance: Soon after passing
soutk of Guam ae a voridr of 8 Odkoboy, repid deteriorstien of the wemther
' &t Andersen Alr Force deme was noticed, RBecause conditicpm were favorable
for injensification recennaiesancs weid regquested for 9-Octobers. Upon
- arrivel’ in thé -euspected aves & tropicel whorm with winds wof 4D, knots wes
found centered near 14,2 degrdes .rorth 139,7 desrees euat at 0823577, The
decision was maede to deeue Iuiletins’even though meximum winds were. report~
‘od to be 40 kmote. - By fhe' $ime Billetin 1 was. voiipleted zeconnaissance
. veported winds of 45 kxote 76 miles fron the center which wonld heve - -
aechssifated tulletine anyhéw, - Within ¥he nexi 6 hours Huth intengifled
" 16807 kmot s Moving along as dscillatory path. toward.the- northwest, Buth
. began recurving on 12 October, ' ‘On 13 October the typheon .pasged slightly -
. west of Okinawe hammering thit island with winde o£-120 kuets. - KVeTrngs
- #pged of myvemgnt seceleratsd from the¥ polut on until the tropical
. ‘cyclens wed moving ih excess of 26 knots, A Ruth '‘iuereased in speed and
‘ mwe’ﬁ'ald‘ng"thé' western edge of« the Jepanese [elands & decreass in
" inten¥ity was noted., The final.bulletin-wae isgued with e valid time of
1512007 by Tokyo as, ROtk bscame no 1enggr;fapemtiomnyr-};azardouu. -
TR b ;';‘;3;'._‘ L e
oo W R ;v“'i.".'.f “n;; NEE7IL AN
ST 28 3W00TObe 3UBL. . L ov o,
e (X6 rulletdne) . s L. L o -

. . . _— Ceoh ey b P
B N T TN 5 3 U A S R T Tl Ll
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Sarah was one of three typhoons which were small in size but of zreat
latensity. Ghe flrst indication of Tyyacon Sarahls existence wue given by
hojrly weathar reports from Marcus Island., A% 00002 on 23.October, .bue
surfiace wind af Marcus was reported to be from the nerth at 33 knots.
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. Pressure falls in excess of 5 millibars.fox 24 hours wes nobed. For

cast responslbllity was as:ig ned to Tokyo Weather fentral and the fiz:st

[ bulletin issued with way 1LLtdme (0f 2306007, --Ween a :54th Recennbissance

4

Squadron alroxpft had-d Aweshéa‘aed ‘the #uspected sren,. o typhogn of 90
knot winde was located. . Shoxp, racurvatyrs . gccuxred saom after. ;pe.ssing

Maveouss - P& adfi~to the difilaulty of fommstiug. awahgaqpelemtm to

3845 knows. Thenodion 'ef the,. tyvhoon's iceiter wes, e;g:een tonally difficult

by 5§znopti‘ sralysis ‘brganse e the' mmwely; 837 s&ze,,,,ug,mcmft fly=

. ;mg heRs . ia“rs center gave, Lihtle o ne.dudidption Of & Fim ";oo,n existing,

a nedgmence: for logating the typhcreiz’w
,;ﬁat;ed on 27 th..ber, IS :

e S ‘ _2‘? Ge‘bober g 1 Nwm‘bei' 195.1.

The tnypha,an Wornire Sarﬁqerne’t%:k el camlefhely gopandent upen Teeon~

flsmlwm,.“ L I

4 Evﬂ&ence e*‘ & vor’cex pa&sage m noteé. ’by analysig of\ Kv:aga;tain's
time cross-ssction. . The time of thiy maqage woe 8% 240600%. Further .
evidence of the vortex's exisionce wis ziven by aunalysis of Eniwetok's
time cmas-aoctiona which . indicated thwb 4% ‘yas south of that atoll a.t ;
2506002 ‘Speed of movsment inoremsed from 15 knots to 1.5 knote as the

. yortex moved w\astnnarﬁhhwstmhd Aowerd: Guant. . Wiile re#urn')ng to Guen,

While returning to Guam from ¥ske Islani.a uea.ther Pbaervyxr. of the 54tk
HEYpateglc Heconnaissnnce Squadridn notsd an wrss-of fnnevally. heaw'

’labmectimg -sloudiness and Precipitation to the south' of .the course.. Upon

diveiting this £ilght & ewail Bus intense’ typhooti witli-winds.of 90 kmots
“ws Téund dentered-at ‘14,3 rrleg:nes noxth’ 148,6 d,egreen oast, on, 27 Oetober.

“KVBPage: QM of movement increased:to.B0-knots $fter Thelm had mq.ched.

ayli.

vyphaons intianaiwm‘ Xt wms with nixedo ranxiety .tha,t the padple of Guan -

- ?f wEvEned the appioech of this reging. xyphqsn, Barly on Sunday morning,

-28 Ggkober, Thelma pavsed nearly evor:Saipen leshing that isiend with 90

"f':»"‘kne%» vinigy whifo st Guad, only 120, miles eouth, litiie.but the uduad

.1‘

$rogital wonthet wma experienced. ! 4% this time the, squrthern quadrmta

| ofvThelin wexe openii - As tlie dsypheon gontinued . on. norbnweﬂmrd. recurva~

el tire b, . Boony aﬂ:ex ravurving; “speed. of noverent beeame X0 lmota and
e ‘Theltk rapldly “becane ‘extratropical, «One-of: the most unupusl. phenomenons
“nobed ‘during Thelmets existence wan the, typboenfsp axtremely. soall size,

_nm‘m;m the Vest indication of it sizerwss given:by:the.fast that on the

thi¥a mission a vesersn weathes observer deacending 40 1500 feet to search

R the typhoon,. which. at that tidq, ‘was within, 150 milew, of his position.

dld not-Lotieve that a typhioon exisied for menyemiles. . Within the next
48 ﬁunutsa windﬁ weie - noticed to zinc:::rcae.y.tsr:m.lazlc},l:,'v ¥rom below 15 knots o
aliove 40 knots,’ - Sevibe $urbulence was encountered within a iaw brigf

'mrmamss ‘and the aireraft caused to go into n steep bank and q,gqcens ra}éi.,.:ly.

It took the combined sirength of boih pilots app}.yigg full oppesite controls
to right the plan¢, The eye was of.sush small diameter that t«w aireraft

econid not remsin mthi,n it afsar the penm;ration had bam,. maaeg,

DB ti n. 5.‘1;@ fi‘nal ~“Qu11atin was !

i m m e Am ke e me——— = e -
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. 31 fchober - 1 November 1951
: ~ : {5 Bul.la_etms) 4

. Wbile Thelms wes sbill in exigbencs, a second disturbance which -

: émgimba&.apﬁwoxm@@zy 200 m3les anst of the. Philippines dsveloped

into trapical.sborm intensityy With the exceptioy of a few surdace.,

- ~wevsels axd the time _,‘k;:‘.'vﬁbs;{#{seggﬁiﬁggfi‘q:s»",mgo Jime ' little eyidence aeg |
c.given of khis stormis extstence which wes named Yovds. -The fire tulietin

waw: dssusd with & valld time of 100002 .and, was based upon reports from
. surface vessels in the wicinity oi .Iwo Jitin. . Speed of movement was quiby
phpld,. -Two attempts to fix the center were nede by the 56th Strategic
Reconmisgance Squadron bub no fixes wers obtained. By 1 November, no .
pyidence was gliven of & tropieal 'storm existing so the final tuwiletin
was imsued; with & valid fime of. 010800z, .. ¢ S
e < 1. .18 « 26, November 1951.

Toro R e (30 Bdlletine) ot : R

L }clie:hasd.fa-»bf aoalysis of the Yap and ,xo‘i‘dxf‘tiné qﬁblu—‘swtiqnﬁ
Tropads were issued op & distyrbance near 9 degrees norh 137 dagrecs ,
- eant, Valid time of initis)l Tropas wes 1800% on"1? Novenmber, REcOnDAL B

. sance was dlspatihed o the ares sud & fix ab 180302 gave winds of 100

.

' . pecsuse inflight. weports from Satgon indicated repid diss

. {:}’ |

'@ Decembery an alert weathexr:obsérver noticed that winds were phifting .

kriotks -Bulletin were then initisted by Andersmen Weather Central sssign-~
-ing the name Wanda %o fhis typhoon'which noved wegt-northwastward towerd
the Philippines. . Soiie qvidente was given of slight oscillabory movement,
~ .On ‘20 Noveriber, Warde entoyed the west consd of the Fhllipplass, late on
- 21 November, Weada prsseds intd the -South China Sea ahd continued o move .
“porthwesy until 23 Novenbers: ‘At that tine a verked. dgceloration was noted
' ‘whith gave the nppearance. thay the typhoon night’ poesibly recurves .Actual-
1y Wands began movini wewirsouthwest and quickly dimsipsteds On 25 November,
' ipation was ascur<
.ying, & final bulletin was lssued vith & ¥a3id Yime of ‘A5L200Z. . - )
. , . ¥ ol . 'a."'.._ .’ : \ -

. | a ‘ ‘ ) ‘ ’ A,MY ' .‘w;“ n
S .0 3,-:17 Daggnber 1951
‘ - . (58 Bullétins)»

*

- Wailé on & noxrmal Vulture George flight, which lef¥ Guam' av 2130%,0 !

$0 the east with winmd speeds increasing to an estinnted 36 kmots at the
surfnce. The flight wae jmrediately diverted to inveitigate the area %0
"the south. A% 0300402, & tropical storn was found centerdd near 9 degrees
" porth 160.2 degrees ast with naximm Winds at that time estimated to be
. 60 knots in vhe norihesst quadens,. Upen boxing this storm 1t was noted
‘the soubherp’ quadrantd were wesk with winds Yeing.no greater then IS o 20
khots, It is possible that $wo denters existed during the early stages of
Aty. This was indicktsd by rRo deisgance flights Vuiture Three, Five and
Seven Aly. On Vuiture Three Arsy, when the morning panetration wes made,
styonzest winds.wers found to be 45 lnobs, bub, while boxing the storm,

\
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‘; : . stronger winds were found in the ngrth. [aber a -second penetration was
| ! made and winds of 85 knots were found with the center some 150 miles north-
b - west of the earlier positic.. Taber the weather obgoryer on Tulture Five
! Amy reported two. complube cirenlations, -At 062380Z, the primdry oenter was
© ab 1l degrees 57 minutes nordh 181 Qegrecs 4l minutes wast. A ‘egondary
‘ . centex wis veported st mpproximately 15.9 degreet gtk VBLeR degrees  sast,
f . Both' céfiters wers dptoriined: by upe. ol teedlE Arift winde.' Ageln, on .
, * MYulbird Seven Aty;seviddnbe: was £ound - of T separate fgyé@ép;ﬁs;,fﬁ: when, &t
: ‘T iret sbtempt’ fo penebrnte Amy'the akfcrail apparehtly went Pbetween two
centers, By usklog-use of radar s penatiation of the secondery circulation
i 7T vas Yede, - THAS. Wik (found. te.be. apmn, dn the direction of the privery eye
‘ which wes then pemetzatedys AV thatitine,. the eye waa only 16 miles im
diambtey snd- turbulenoe-Mithin-it: veg 5o sovers. thal acpurate lnatrument
. readings could'ihot be mada, ; Thepy 3s little svidence fron this tise on
‘. of two cemters existing, The dipturbance from vwhich Anmy deysloped was
\ : ' first detected as & wvortex which pagsed nearly over Kve Jalein at 05002 on
: : 29 November. The number 11132 was assighed to that vortex which was kept
t ( under constent surveillence as it pregressed. vestward. "tnitially, the
' ‘ tropicel cyclone which atfained tivplesl storw intensiby on 3 December),
! ‘ 'hed been maving ab 10 kmotm« Ond Depembei there was & rapld acteieration
t¢ 17 knots, By late. 6 Decerber this decreased to 7,5 knoim. -Thls average
ispeed of mpyenent contiited ss Amy approsched the Philippines:, On 9.
Decerber, the typhoon enbered the Philippine coast near 11 gegrees north
126 degrees cast aud for the pext.bwo days raged thxough Leyte Gebu and
. Panay lashing those islands with typhoon intensitywitds leaving & path of
& devestation in ite weke. Iote. gs Ll Décember, Amy movad gff the coast of
" Palawan leaving maay persons k;;i‘z:iea;,.;in,ium}i or homeless. After entering
the South Chine Sea,. vhe typhoon pemained nesrly piationary-Just off the
Fhilippine cvoast for three. days. -During this tine 1% execubed a emall 1loops
‘ ’ B tvard.novemens was noted; By 17 December, Amy
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Pinally, & 8low west-uouthwes e ; ¢ _

‘Fucreased to tropicsl’ sbors intensity.  The final buliefing which was

Number 58, wes fgsued by Clazlk with a walid time ¢f 170900, . Thus endad

kmy; 6 typhoot.which, during.iie16 daye exigtende,, established records for

number of bulletins Isgued; 58, and anumber of. réconngisdance fixes cbtained,
- ?.5: ‘e . ’ b . : . - S, [ B RO ' '. H o .

. N N T .
e \ ’ « X . L . . N - . )
. . . , et ) . B .
. i s . . St 3
” . : . BABS .

, I % 16 December 1951 ) o )
| / . (90 Bulletins) ° - |

. While Any wes still reging through the Phi 1ppines, another troplcal
stowis dsveloped southeast of guan siear  Ulithi. - On 1O December, winds of
5O Kaots wers reporded on the final isg of Vulture Georges. The Sdth Recon-
nsissarick Squadron’ was reguepisd to inysstigate the ares southeast of Guam
‘on 11 Decembers A tropicel storm wes foupd near 9.4 Gegrees north 13746
degress east at 1103357, and was, subsgyuently named: Babs. Fecause of the
distaices involved asnd fhe shortage .4f. g!,ramj_a:fiifa Problef arosq in supply-
ing raconnaigsnnge for the two.tropical cyclones, {1 existence, " However,

&t 81k times the 54t%h Recomndiszance _Squadron ‘provided adequiite recoansis-
sRuces - Trom the position of -¥he first fix, ‘Babs noved morthwestward at
13,5 knotse A declgration $o B knots was noted ap. the tropical cyclone
bégan %¢ 'redurve, Then, after recurvature, repid acceleration vas observed.
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Within 37 hours after recw: ~vature, Babs -was moving at a speed in excess
of 20 knots and contint .. .0 accelerate to above 30 knots. Rapid
dissipation occurred as tiie tyvhoon moved into an'arém of’ strong wester~
1y winds., By 15 December, little eviaence .of .&.%tropical cyclone exist~
ing was found by regannzissancey The f:;nal hul Jetin - was 1b8u6d. by Tokye
Weather Central at 160855Z. Thus enﬁed, Ba,bs ~whiel begarr ‘an _..e.s’cerly Vave
12022, the last storm-i¢ begin 'during Jhe 495]; sleason, - The’ 1951, typhoon
season ac‘oually endea Wi th *he dissipation of. Amy on l‘? Decem‘ber. L
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*F. - RECOMMENDATIONS

¢ It appears that the p.inery weaknesas in trdpical cyclone forecast—
lug has been the low experisnce Jevel in this field, . Ususlly, a fore-
caster acquires enough experience in .this field to be of real valus,

| then returns to the Zome of the Interior. 1t is recomnended that every

‘ effort be made to stabilize the assa.gnment of personnel in this field
and attempt to secure personnel who have prior experience 4n the field,
New forecasters can he fed in.o the system from tropical meteorolegy
schools and from the large number of ferecasters with meteorolegical
experience in the tropics although not necesearily in tropical cyclene
forecastings It is recognized that such & program would be a consider-

' , able problem in view of the requirements placed upeon the Air Weather

' : Service by the current expansion of the Armed Forces.

[P

I$ is recommended that a Tropical Cyclone Forecasters! School be

- held prior to the begimning of each "season" teo familiarize designated

forecasters with theoriss about causes, structure, and behavior of ,
tropical cyclones in this area. Perhaps a two-week school would be the J
proper length, with cne week dcvoted to study of the Typhoon Warning
SOP and problems in ite use. A similar school was held on Guam in 1951
and the benefits derived therefrom are believed to be well worth the
man~hours expended, For example, not only was the forecast error the
smallost to date in 1951, but the Typhoon Werning Service was almost
completely free from the type of procedural errors which plagued it dur-
ing the 1950 soasons

-

It 1s recommended that the designated Typhoon Forecasters fly the
wain alr routes adjacent to their stations to familiarize themselves with
the normal weather picture in order to behter owaluate deviations from
the normal state., .In additicn, it would be advantagecus for the Typhoon
Forecasters to fly at least onc "eyé" penetraticn with one eof the recon-
nalssance squaedrons during their indoctrination period,

A A ATRE - s =

A great amount of data about trepical cyclones is evailable at Guanm,
: Much of these date will never be used due to the operational requirements “!
‘ E and shortage of personnel for the Post Analysis Boerd. It is recommended, /
: therefore, that a well-gualified civilian meteorologist be hired and assign-
ed to the Center at Andersen, He would be free from operational require-
rments and could effectively mdvise the Post Analysis Board on research
y problems, recommend data requirements to be requested from the reconnsis-

-
r

o gt <

sance squadrons, etc.

P, T
ES .

It is retommended that & Joint Alr Force~Navy Pest Analysis Board
be established at Guam, This would result in economy of perssnnel,
communications, and materiel in aveiding the existing duplication of
effort.

i .
- achnr S i ¢

Firally, it is recommended that & Northern Hemisphers analysis at
200 &rd 700 nillibars be transnmitted by facsimile to all units of the
Typhoon Warning Network in order that the behavior of leng waves may be v
used in forecasting tropical cyclones, These waves play an important
role in every phase of & tropical cyclone!s life cycle from initial
intensifilicetion to finml decay.
a4
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